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Abstract: This study aimed to identify whether cancer-related health behaviours including
participation in cancer screening vary by geographic location in Australia. Data were obtained
from the 2014–2015 Australian National Health Survey, a computer-assisted telephone interview
that measured a range of health-related issues in a sample of randomly selected households.
Chi-square tests and adjusted odds ratios from logistic regression models were computed to assess
the association between residential location and cancer-related health behaviours including cancer
screening participation, alcohol consumption, smoking, exercise, and fruit and vegetable intake,
controlling for age, socio-economic status (SES), education, and place of birth. The findings show
insufficient exercise, risky alcohol intake, meeting vegetable intake guidelines, and participation in
cervical screening are more likely for those living in inner regional areas and in outer regional/remote
areas compared with those living in major cities. Daily smoking and participation in prostate cancer
screening were significantly higher for those living in outer regional/remote areas. While participation
in cancer screening in Australia does not appear to be negatively impacted by regional or remote
living, lifestyle behaviours associated with cancer incidence and mortality are poorer in regional
and remote areas. Population-based interventions targeting health behaviour change may be an
appropriate target for reducing geographical disparities in cancer outcomes.
Keywords: geographical disparity; health behavior; cancer; public health; diet exercise; alcohol;
smoking; cancer screening; regional; remote
1. Introduction
A well-documented health divide exists between major cities and regional and remote areas in
Australia [1–4]. Living outside of a major city is associated with higher mortality from a number of
chronic health conditions such as diabetes, cardiovascular disease, and cancer [4–8]. For example,
the Australian Cancer Atlas (https://atlas.cancer.org.au/) reports a disproportionate burden of some
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cancers outside of major cities, including higher incidence of lung, cervical, and head and neck cancer
and poorer survival from bowel, lung, prostate, skin, and head and neck cancer [5,9]. Poorer quality of
life and psychosocial wellbeing is also evident for cancer survivors living outside of major cities [10].
It is well established that alcohol consumption [11], poor diet, limited exercise [12–14], and tobacco
smoking [15,16] are related to the increased risk of many cancers, as well as poorer outcomes after
diagnosis. In Australia, tobacco use contributes 22% of the nation’s cancer burden, while alcohol use
contributes a further 3.3% [17]. Whiteman and colleagues, 2015 estimate that up to 37,000 preventable
cancers are caused each year by tobacco smoking, alcohol, obesity, and poor diet [18]. Routine
population screening for breast, cervical, and bowel cancer in Australia results in earlier detection and
increased survival [19–22], and there is evidence that regular skin examinations and risk-appropriate
screening through prostate-specific antigen (PSA) testing in men may reduce mortality from melanoma
and prostate cancer, respectively [23,24].
Several potential explanations for geographic disparities in cancer outcomes include populations
with larger proportions of older people, social and economic disadvantage, and poorer access to health
care outside major cities [25–27]. It has been speculated, however, that geographical disparities in cancer
outcomes may be partly explained by differences in health behaviours across varying environmental
contexts [3]. International patterns of geographic disparities in cancer-related behaviours are mixed.
For example, several studies have shown that tobacco smoking [17,28,29] and alcohol consumption [30]
are higher in rural and remote areas, whereas others have found no effect or a negative relationship
with remoteness [31–33]. Living in regional and remote areas has been associated with unhealthier diet
and decreased exercise in some studies [31,33,34]. This is consistent with Australian figures that show
rates of daily smoking, overweight or obesity, lower levels of exercise and riskier alcohol consumption
are higher in regional and remote areas than in major cities [35]. However, other reports suggest
that regional and remote residents demonstrate better or equally healthy eating habits than those in
major cities [36,37]. It has also been suggested that participation in breast, cervical, and bowel cancer
screening is lower in regional and remote areas than in major cities [38,39].
Investigations into geographic disparities in health behaviours have been limited by some key
elements. For example, much of the literature on disparities in health behaviours is focused on younger
adults (i.e., <50) [33,36,37]. Furthermore, many of the studies do not separate regional areas from rural
or remote areas, collapsing all non-metropolitan residents into a “rural” group. In countries with large
land masses (e.g., Australia, Canada, and the United States), non-metropolitan residents often fall into
two or more distinct categories. For example, a large proportion of residents live outside major city
boundaries in “inner regional” areas that are moderately accessible, but often have higher proportions
of older, socio-economically disadvantaged residents [40]. Evidence for geographic differences in
health behaviours in Australia is inconsistent and most studies are limited in that they fail to control
for potential socio-demographic confounders including age, education, and socio-economic status
(SES) [40]. This study aimed to identify whether health behaviours known to be associated with
cancer risk vary across geographic locations, and to what extent these differences can be explained by
socio-demographic factors. Specifically, the study assessed whether, when controlling for potential
demographic confounders such as age, education, SES, and place of birth, there are statistically
significant geographical disparities in the following:
(1) Rates of screening for breast, cervical, bowel, skin, and prostate cancer.
(2) The likelihood of participating in healthy lifestyle behaviours (i.e., avoiding smoking and alcohol
consumption and meeting national guidelines for exercise and fruit and vegetable intake).
The findings can help to appropriately identify intervention targets for addressing the geographical
health divide in Australia, particularly in terms of cancer-related outcomes.
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2. Methods
2.1. Data Source
Data were obtained from the 2014–2015 Australian National Health Survey [41], a computer-
assisted telephone interview designed to measure a range of health-related issues in a representative
sample of randomly selected Australian households. The stratified sampling design ensured that
individuals from varying levels of remoteness across all states and territories within Australia took
part in the survey. One adult (i.e, 18 years or older) was surveyed from each selected household
(n = 14,560) Further details on recruitment and sampling procedures are publicly available on the
Australian Bureau of Statistics (ABS) website [41]. Access and use of this data for the specific purposes
of this study were granted by the ABS based on approval from the university’s Human Research Ethics
Committee (ref. H17REA152).
2.2. Measures
2.2.1. Demographics
The age in years and biological sex of each participant were recorded. Highest level of education
was measured on a five-point scale ranging from “year 8 or below” to “year 12 or higher”. Participants
were also coded according to whether or not they were born in Australia.
2.2.2. Remoteness
Level of remoteness of living was based on the Australian Standard Geographical
Classification—Remoteness Area (ASGC-RA; Australian Government Department of Health and
Ageing, 2011a) [42] The ASGC—RA system codes individual’s residence as either major city (N = 9628),
inner regional (N = 2678), and outer/remote (including outer regional, remote, and very remote,
N = 2254). Categorisations are based on an index derived from road distance to nearest service centre
and population size (for technical details, refer to the ABS, 2011 [42]).
2.2.3. Socio-Economic Status
The Socio-Economic Index for Areas (SEIFA) was applied, whereby each participant is allocated
an SES ranking based on their street address (i.e., statistical area level 1; described in ABS, 2011b [43]).
A rank of 1 on the SEIFA indicates that the participant resides in an area assigned the lowest SES and a
rank of 10 reflects the highest SES areas. The SES variable was treated as a continuous numeric variable
in the main analysis.
2.2.4. Risky Alcohol Consumption
Participants were asked a series of detailed questions regarding the frequency and amount of
alcohol consumption in the previous 12 months (for details, refer to ABS, 2017 [41]). On the basis
of their responses, participants were coded according to whether they exceeded the 2009 National
Health and Medical Research Council (NHMRC) Guidelines to Reduce Health Risks from Drinking
Alcohol [44] of consuming, on average, more than two standard drinks per day. A binary yes/no “risky
alcohol use” variable was created from this.
2.2.5. Daily Smoker
Participants were asked to select their smoking status from five options; current daily smoker,
current weekly smoker, current smoker (other), ex-smoker, and never-smoked. A binary yes/no variable
was created from this to reflect whether the respondent was a current daily smoker or not.
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2.2.6. Fruit and Vegetable Intake
Participants were asked to report the number of serves of fruit and serves of vegetables they
typically ate each day. Details regarding the definition of a “serve” were presented to each participant
(e.g., 1/2 cup cooked green or orange vegetables and 1 medium apple, banana, orange or pear) [41].
On the basis of the 2013 NHMRC Australian Dietary Guidelines [45], two binary variables were created
that reflect whether participants typically consumed five or more serves of vegetable per day (yes/no),
and two or more serves of fruit (yes/no).
2.2.7. Exercise
On the basis of a series of detailed questions regarding the participant’s leisure time exercise in the
previous week, it was determined whether participants met Australia’s Physical Activity and Sedentary
Behaviour Guidelines for Adults [46] (for technical details, refer to ABS, 2017 [41]. These guidelines state
that adults should accumulate 150 to 300 min of moderate intensity physical activity or 75 to 150 min
of vigorous intensity physical activity (or a combination thereof each week). It is also recommended
that muscle strengthening training is undertaken on at least two days per week. Detailed definitions
of “intensity” were presented to each participant (e.g., moderate intensity exercise was defined as
activities that caused a moderate increase in the heart rate or breathing of the respondent) [41]. A binary
yes/no “meets physical activity (PA) guidelines” variable was created that reflected whether participants’
physical activity habits fulfilled these recommendations.
2.2.8. Cancer Screening
Participants were asked whether they had undergone a screening test for breast cancer (e.g.,
mammogram), cervical cancer (e.g., pap smear), and bowel cancer (e.g., fecal occult blood test) within
the previous two years—the recommended frequency for the early detection of breast, bowel, and
cervical cancer at the time of data collection for the relevant age groups (described below) [47].
Participants were also asked whether they had undergone screening for prostate cancer in the last
two years (males only) and whether they regularly checked their skin for any changes in freckles or
moles. Although there are currently no population-based screening programs for prostate or skin
cancer screening in Australia, efforts to detect these cancers early are encouraged through regular skin
examinations and risk-appropriate PSA testing, respectively [24,48,49]. Where screening guidelines
apply, only participants within recommended the age groups for each type of screening were included
in the analysis using the cancer screening variables (i.e., breast: 50–74-year-old females, cervical:
18–69-year-old females, bowel: 50–74-year old males and females). Males over 50 and all adults were
included in the analyses regarding prostate and skin cancer screening, respectively.
3. Analysis
A series of chi-square analyses were conducted to assess whether the likelihood of engaging
in each form of cancer screening, daily smoking, risky alcohol intake, and meeting recommended
health guidelines varied across geographic locations. Pearson’s bi-serial correlations were conducted
to identify significant bivariate relationships between binary and continuous demographic variables
including gender, age, education, SES, and country of birth and screening and health behaviour outcome
variables. Multivariate binary logistic regression models were then conducted to assess geographic
disparities controlling for significant demographic predictors of behaviour (i.e., age, education, SES,
and place of birth). Where significant geographical disparities were evident (based on significant
chi-square statistics), screening and health behaviour outcomes were compared between regional and
major city and outer/remote and major city groups. Analyses were conducted using SPSS Version
24. A Bonferroni adjustment [50] was applied to reduce the probability of type I errors, whereby 0.05
was divided by the number of tests carried out in the main analysis (n = 20), Only p-values below the
critical value of 0.0025 were interpreted as statistically significant.
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4. Results
4.1. Sample Characteristics
The final sample consisted of 14,560 adults ranging between 18 and 85 years of age (M = 49.12,
SD = 17.61). Table 1 shows the percentage of participants in each sex, age, education, country of birth,
remoteness, and SES category. The distributions of participants that were male (46.1%) and female
(53.9%), from varying SES indices, born in Australia (69.5%), educated at a year 12 level or lower
(66.1%), and living in a major city (66.1%) were similar to that of the broader Australian population [51].
Table 1. Demographic characteristics according to remoteness level.
Major City
n (%)
Inner Regional
n (%)
Outer & Remote
n (%)
Total
n (%) X
2
Sex 4.58
Female 5199 (53.9%) 1504 (56.2%) 1211 (53.7%) 7907 (54.7)
Male 4436 (46.1%) 1174 (43.8%) 1043 (46.3%) 6653 (45.3%)
Age bracket 113.23 *
18–25 917 (69.8%) 221 (16.8%) 175 (13.3%) 1313 (9.0%)
26–49 4360 (69.6%) 959 (15.2%) 961 (15.2%) 6310 (38.4%
50–74 3483 (62.3%) 1191 (21.3%) 914 (16.4%) 5588 (38.4%)
75+ 838 (62.1%) 307 (22.8%) 204 (15.1%) 1349 (9.3%)
SES Quintile 1341.02 *
1st (lowest) 1294 (13.4%) 837 (31.3%) 600 (26.6%) 2731 (18.8%)
2nd 1700 (17.7% 657 (24.5%) 546 (24.2%) 2903 (19.9%)
3rd 1767 (18.4%) 660 (24.6%) 570 (25.3%) 2997 (20.6%)
4th 2238 (23.2%) 319 (11.9%) 357 (15.8%) 2914 (20.0%)
5th (highest) 2629 (27.3%) 205 (7.7%) 181 (8.0%) 3015 (20.7%)
Education 620.18 *
Year 12 or higher 5890 (61.2%) 1030 (38.5%) 918 (40.7%) 7838 (53.5%)
Year 9–11 3128 (32.5%) 1390 (51.9%) 1131 (50.2%) 5649 (38.8%)
Year 8 or below 610 (6.3%) 258 (9.6%) 205 (9.1%) 1073 (7.4%)
Country of birth 500.86 *
Australia 6056 (62.9%) 2255 (84.2%) 1808 (80.2%) 10,119 (69.5%)
United Kingdom 818 (8.5%) 178 (6.6%) 132 (5.9%) 1128 (7.7%)
South-eastern Europe 176 (1.8%) 10 (0.4%) 23 (1.0%) 209 (1.4%)
New Zealand 273 (2.8%) 41 (1.5%) 49 (2.2%) 363 (2.5%)
India 246 (2.6%) 16 (0.6%) 22 (7.7%) 284 (2.0%)
Sub-Saharan Africa 188 (2.0%) 17 (0.6% 25 (0.2% 230 (1.6%)
North-west Europe 163 (1.7%) 26 (1.0%) 40 (1.8%) 229 (1.6%)
Other 1708 (17.7%) 135 (5.0%) 155 (7.8%) 1056 (11.4%)
Total 9628 (66.1%) 2678 (18.4%) 2254 (15.5%) 14,560 (100%)
Note: Socio-Economic Index for Areas (SEIFA) quintiles and collapsed education variable reported in table for
brevity. SES, socioeconomic status. * = p < 0.001.
A bivariate analysis of variance showed that the mean age of participants differed significantly
across major city (M = 48.18, SD = 17.53), inner regional (M = 51.98, SD = 17.93), and outer
regional/remote (M = 49.73, SD = 17.16) areas, F (14,559.2) = 50.65, p < 0.001. As shown in Table 1, the
demographic characteristics of each geographical group differed significantly in terms of SES, highest
education level, and country of birth. For example, higher proportions of inner regional (31.3%) and
outer/remote (26.6%) participants were from the lowest SES bracket when compared with major cities
(13.4%). Furthermore, a higher proportion of participants in major cities reported having completed
year 12 (61.2%) when compared with those in inner regional (38.5%) or outer/remote (40.7%) areas and
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a lower proportion of those in major cities reported being born in Australia (62.9%) when compared
with those in inner regional (84.2%) or outer/remote areas (80.2%).
4.2. Screening
Several weak associations between demographic variables and cancer screening were identified.
Females were slightly more likely to report screening for bowel cancer (r = 0.062, p < 0.001) and regular
skin checks (r = 0.070, p < 0.001). Older age was associated with prostate cancer screening (r = 0.137,
p < 0.001) and skin checks (r = 0.183, p < 0.001), and those higher in SES areas were more likely to
report all forms of cancer screening (r = −0.22, p = 0.008 to r = −0.09, p < 0.001). A higher level of
education was weakly associated with breast (r = 0.084, p < 0.001), cervical, (r = 0.110, p < 0.001), and
bowel (r = 0.057, p < 0.000) cancer screening and skin checks (r = 0.055, p < 0.001), and participants
who were born in Australia were slightly more likely to report prostate (r = 0.071, p < 0.001) and bowel
(r = 0.042, p < 0.001) cancer screening and skin checks (r = 0.200, p < 0.001).
There was a significant bivariate association between geographical remoteness and both prostate
cancer screening (χ2 (2) = 9.30, p = 0.010) and skin checks (χ2 (2) = 107.88, p < 0.001) (Table 2). After
adjustment for age, education, SES, and country birth, these significant associations remained, along
with an association with cervical screening (χ2 (2) = 11.89, p = 0.003). Respondents living in inner
regional areas were more likely to have undergone prostate cancer (odds ratio (OR)adj = 1.20, 1.05–1.38)
and cervical screening (ORadj = 1.39, 1.12–1.70) in the last two years than those living in major cities.
4.3. Health Behaviours
Significant associations between demographic variables and meeting health recommendations
were identified in almost all cases. Males were slightly more likely to report risky alcohol intake
(r = 0.139, p = < 0.001), daily tobacco smoking (r = −0.056, p = < 0.001), and meeting exercise guidelines
(r = −0.023, p = < 0.001), and females were slightly more likely to report meeting recommended fruit
(r= 0.106, p= < 0.001) and vegetable (r= 0.040, p= < 0.001) intake guidelines. Younger participants were
more likely to report risky alcohol intake (r = −0.352, p = < 0.001), daily tobacco smoking (r = −0.104,
p = < 0.001), and meeting exercise guidelines (r = −0.026, p = < 0.001), and older participants were
more likely to report meeting recommended fruit (r = 0.122, p = < 0.001) and vegetable (r = 0.035, p = <
0.001) intake guidelines. Higher SES was associated with risky alcohol intake (r = 0.056, p = < 0.001),
and meeting exercise (r = 0.084, p = < 0.001) and fruit intake (r = 0.050, p = < 0.001) guidelines, while
lower SES was associated with daily smoking (r = −0.142, p = < 0.001). Higher levels of education
were associated with daily smoking (r = 0.106, p = < 0.001), and lower levels of education associated
with risky alcohol intake (r = −0.136, p = < 0.001) and meeting exercise guidelines (r = −0.064, p = <
0.001). Participants born outside Australia were slightly more likely to report risky alcohol intake
(r = 0.059, p = < 0.001) and meeting fruit intake guidelines (r = 0.046, p = < 0.001), while those born in
Australia were slightly more likely to report being a daily smoker (r = −0.082, p = < 0.001) and meeting
vegetable intake guidelines (r = −0.029, p = < 0.001).
On the basis of bivariate analyses, geographic disparities were evident for all health behaviours
including risky alcohol intake (χ2 (2) = 11.37, p < 0.001), daily smoking (χ2 (2) = 95.33, p < 0.001),
meeting exercise guidelines (χ2 (2) = 17.66, p < 0.001), and fruit (χ2 (2) = 9.13, p = 0.010,) and vegetable
(χ2 (2) = 42.49, p < 0.001) intake guidelines. As shown in Table 3, after adjustment for age, education,
SES, and country of birth, significant associations with daily smoking, alcohol, and vegetable intake
remained, however, associations with meeting exercise guidelines (χ2 (2) = 2.69, p = 0.261) and fruit
intake guidelines (χ2 (2) = 3.51, p = 0.173) were no longer significant. According to contrasts, those
living in inner regional areas were more likely than those in major cities to report risky alcohol intake
(ORadj = 1.22, 1.10–1.35) and meeting vegetable intake guidelines (ORadj = 1.21, 1.04–1.41). In addition,
participants in outer/remote areas were more likely than those in major cities to report risky alcohol
intake (ORadj = 1.19, 1.07–1.33), daily smoking (ORadj = 1.27, 1.12–1.44), and meeting vegetable intake
guidelines (ORadj = 1.60, 1.38–1.85).
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Table 2. Association between geographic remoteness and self-reported participation in screening activities.
Breast Screening
(Females, 50–74 Years
n = 2974)
Cervical Screening
(Females, 18–69 Years n = 6585)
Prostate Cancer Screening
(Males, 50–74 Years n = 2620)
Bowel Cancer Screening
(Adults, 50–74 Years n = 5588)
Skin Cancer Screening
(Adults, 18+ Years n = 14,650)
N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3
Major city
4
1040
(55.2%) 1.00 1.00
2110
(%) 1.00 1.00
619
(38.6%) 1.00 1.00
1104
(31.7%) 1.00 1.00
5605
(58.2%) 1.00 1.00
Inner
regional
340
(53.0%)
0.91
(0.76–1.09)
1.04
(86–1.26)
569
48.3%)
1.01
(0.88–1.14)
1.20
(1.05–1.38)
251
(45.6%)
1.45
(1.45–1.46)
1.39
(1.12–1.71)
401
(33.7%)
1.06
(0.99–1.15)
1.05
(0.88–1.27)
1823
(68.1%)
1.53
(1.40–1.68)
1.31
(1.18–1.44)
Outer/
Remote
246
(54.8%)
0.98
(0.80–1.21)
1.15
(0.93–1.43)
508
(49.2%)
1.04
(0.91–1.19)
1.22
(1.06–1.40)
176
(37.8%)
1.46
(1.16–1.17)
1.04
(0.83–1.31)
309
(33.8%)
1.04
(0.93–1.15)
1.06
(0.87–1.30)
1479
(65.6%)
1.37
(1.25–1.51)
1.26
(1.14–1.40)
LHR test 5
χ2 = 1.00
df = 2,
p = 0.607
χ2 = 1.69
df = 2,
p = 0.430
χ2 = 0.30
df = 2,
p = 0.860
χ2 = 11.89
df = 2,
p = 0.003
χ2 = 9.30
df = 2,
p = 0.010
χ2 = 9.66
df = 2,
p = 0.002
χ2 = 2.48
df = 2,
p = 0.290
χ2 = 0.43
df = 2,
p = 0.805
χ2 = 107.88
df = 2,
p < 0.001
χ2 = 38.40
df = 2,
p < 0.001
1 N = Number of eligible respondents who responded “yes” to the item, (%) = percentage of eligible respondents in this remoteness category who responded “yes” to the item. 2 Unadjusted
odds ratios (ORs) of participating in screening activities (self-reported). 3 Adjusted odds ratios (ORADJ) from multivariable logistic regression models, adjusted for age, SES, education, and
whether born in Australia. 4 Reference category for odds ratios. 5 Likelihood ratio (LHR) test, based on the chi-squared statistic, for the significance of the remoteness variable.
Table 3. Association between geographic remoteness and self-reported health behaviours (N = 14,650).
Risky Alcohol
(Adults, 18+ Years)
Daily Smoker
(Adults, 18+ Years)
Meets Exercise Guidelines
(Adults, 18+ Years)
2+ Fruit per Day
(Adults, 18+ Years)
5+ Vegetables per Day
(Adults, 18+ Years)
N (%) 1 OR2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3 N (%) 1 OR 2 ORADJ 3
Major city
4
3422
(35.5%) 1.00 1.00
1298
(13.5%) 1.00 1.00
1056
(15.8%) 1.00 1.00
4957
(51.5%) 1.00 1.00
848
(8.8%) 1.00 1.00
Inner
regional
1012
(37.8%) )
1.22
(1.10–1.35)
462
(17.3%)
1.34
(1.19–1.50)
0.95
(0.84–1.08)
371
(13.9%)
0.85
(0.76–0.97)
1.02
(0.90–1.16)
1367
(51.0%)
0.98
(0.90–1.70)
1.06
(0.97–1.16)
283
(10.6%)
1.22
(1.06–1.41)
1.213
(1.04–1.41)
Outer/
Remote
877
(38.9%)
1.16
(1.05–1.27)
1.19
(1.07–1.33)
481
(21.3%)
1.74
(1.55–1.96)
1.27
(1.12–1.44)
286
(12.7%)
0.77
(0.67–0.88)
0.90
(0.78–1.03)
1081
(48.0%)
0.87
(0.79–0.95)
95
(0.86–1.047)
298
(13.2%)
1.58
(1.37–1.82)
1.598
(1.38–1.85)
LHR test 5
χ2 =
11.37
df = 2,
p= (0.003)
χ2 =
20.12
df = 2,
p= (<0.001)
χ2 =
95.33
df = 2,
p= (<0.001)
χ2 =
18.60
df = 2,
p= (<0.001)
χ2 =
17.66
df = 2,
p= (<0.001)
χ2 = 2.69
df = 2,
p = (261)
χ2 = 9.13
df = 2,
p= (0.010)
χ2 = 3.51
df = 2,
p = (173)
χ2 = 42.29
df = 2,
p = (<0.001)
χ2 = 39.30
df = 2,
p = (<0.001)
1 N = Number of eligible respondents who met the criteria for this item, (%) = percentage of eligible respondents in this remoteness category who met the criteria for this item 2 Unadjusted
odds ratios (ORs) of participating in screening activities (self-reported). 3 Adjusted odds ratios (ORADJ) from multivariable logistic regression models, adjusted for age, SES, education, and
whether born in Australia. 4 Reference category for odds ratios. 5 Likelihood ratio test, based on the chi-squared statistic, for the significance of the remoteness variable.
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5. Discussion
Understanding the health behaviours of those living in different geographic regions may provide
some insight into a well-documented geographical divide in health outcomes. In particular, these
findings support suggestions that geographical disparities in cancer outcomes are in part because of
geographical disparities in cancer-related health behaviors [3], providing a plausible partial explanation
for higher cancer incidence and mortality rates outside of major cities in Australia [5,9].
According to current findings, cancer screening is just as common, if not more so, in regional
Australia compared with metropolitan areas and geographical differences in cancer screening rates are
largely unaffected by geographic variance in demographic factors. These findings conflict somewhat
with previous studies [38,39,52], although some previous research does suggest that rural women are
no less likely than those living in metropolitan areas to attend mammography [53,54]. Potentially, the
relatively equal screening rates across geographic areas may reflect the success of community-based
screening campaigns concentrated in rural populations such as the mobile BreastScreen Australia
bus [55] and Rotary BowelScan [56]. That is, the intermittent availability of health services in regional
and remote areas [57] may result in heavier promotion of screening services when they do visit regional
communities, providing stronger urgency and impetus to participate when available.
In terms of health behaviours that can help to reduce cancer risk, geographic disparities were
evident with both inner regional and outer regional/remote residents reporting higher rates of alcohol
intake and daily smoking. These differences were not explained by the varying demographic make-up
of each geographical area in terms of age, SES, education, and country of birth. Generally, demographic
associations in the current findings provide some support for the notion that poorer health behaviours
are more common among the socially and economically disadvantaged because of several factors
including higher work/stress loads, reduced time and monetary resources, and a poorer understanding
of health [58–60], but in the case of alcohol and tobacco smoking, these factors do not account for
regional disparities. Efforts to decrease risky alcohol intake and daily smoking clearly need to target
issues specific to social and economic disadvantage [61]. However, as suggested by previous research,
in addressing regional disparities in alcohol and tobacco use, public health initiatives may need to
consider other cultural or environmental factors unique to regional and remote communities [62].
The tendency for those living further away from major cities to be less likely to meet exercise and
fruit intake guidelines did appear to be explained by variation in the demography of each area. For
example, not meeting exercise and fruit intake guidelines was associated with lower levels of SES and
education; both more common in inner regional and outer/remote areas. The reasons for poor dietary
intake and low physical activity may be attributed to the following: ongoing challenges in implementing
community-wide physical activity and dietary intake promotional campaigns in socio-economical
disadvantaged regional areas; social isolation; reduced opportunity to access resources to increase
physical activity; environmental barriers including extreme weather; poor infrastructure including a
lack of footpaths and lighting; and the need to drive to shops and services [63–65]. However, gaps
remain in the chain of evidence between population-based efforts to improve physical activity and
dietary intake and the effect of such interventions in reducing the disparity in outcomes among regional
and rural individuals with cancer [66,67].
6. Strengths and Limitations
The main strength of the study is the large, representative sample utilising stratified random
sampling, including adequate subsample sizes, allowing for the examination of differences in health
behaviours across geographic regions, including metropolitan and varying levels of remoteness. The
examination of such differences, while controlling for well-known socio-demographic factors, uniquely
contributes to the existing literature. The data used in this study were self-reported and not able to be
independently verified, thus we are unable to exclude potential misclassification and possible bias
due to differential misreporting of lifestyle factors such as alcohol consumption. The national Health
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Survey Response rate is over 80% [41]; thus, although a potential effect of non-respondent bias cannot
be ruled out, it is likely to be small.
Although the results of the current study provide insight into associations between residential
location and cancer-related health behaviours, future investigation is needed to determine the potential
for behaviour change interventions to reduce geographic disparities in cancer incidence. It is also
acknowledged that associations between demographic variables and cancer-related health behaviours
were for the most part weak and, given the large sample size, should be interpreted with caution.
7. Conclusions
Living in a regional or remote location does not appear to be a barrier to cancer screening
participation in Australia. There are geographic disparities in other health behaviours known to
be associated with cancer incidence and mortality including alcohol consumption, smoking, fruit
and vegetable intake, and exercise. Improving these behaviours on a population level may be an
appropriate target for reducing geographical disparities in cancer outcomes. In particular, public
health interventions aimed at changing environmental factors to ensure that healthy behaviour is
promoted and facilitated in regional and remote areas should be a key focus. The findings provide a
basis and direction for future research to investigate casual links between geographical disparities in
health behaviour and geographical disparities in cancer outcomes.
Author Contributions: Data Curation, B.C.G.; Formal Analysis, B.C.G.; Methodology, F.C.-W. and P.B.; Project
Administration, B.C.G. and F.C.-W.; Supervision, P.B., S.K.C., N.R., and J.F.A.; Visualization, S.C. and J.F.A.;
Writing—Original Draft, B.G. and A.K.R.; Writing—Review & Editing, F.C.-W., P.B., N.R., and J.F.A. All authors
have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors have no conflicts of interest to disclose.
References
1. Begg, S.J.; Vos, T.; Barker, B.; Stanley, L.; Lopez, A.D. Burden of disease and injury in Australia in the new
millennium: Measuring health loss from diseases, injuries and risk factors. Med. J. Aust. 2008, 188, 36.
[CrossRef]
2. Dixon, J.; Welch, N. Researching the rural–metropolitan health differential using the social determinants of
health. Aust. J. Rural Health 2000, 8, 254–260.
3. Hartley, D. Rural health disparities, population health, and rural culture. Am. J. Public Health 2004, 94,
1675–1678. [CrossRef]
4. Phillips, A. Health status differentials across rural and remote Australia. Aust. J. Rural Health 2009, 17, 2–9.
[CrossRef]
5. Cancer Council Queensland, Queensland University of Technology, Cooperative Research Centre for Spatial
Information. Australian Cancer Atlas Version 09-2018. Available online: https://atlas.cancer.org.au (accessed
on 14 December 2018).
6. Cramb, S.; Mengersen, K.; Baade, P.D. Atlas of Cancer in Queensland: Geographical Variations in Incidence and
Survival 1998–2007; Viertel Centre for Research in Cancer Control, Cancer Council Queensland: Brisbane,
Australia, 2011.
7. O’Connor, A.; Wellenius, G. Rural–urban disparities in the prevalence of diabetes and coronary heart disease.
Public Health 2012, 126, 813–820. [CrossRef]
8. Pong, R.W.; DesMeules, M.; Lagacé, C. Rural–urban disparities in health: How does Canada fare and how
does Canada compare with Australia? Aust. J. Rural Health 2009, 17, 58–64. [CrossRef]
9. Duncan, E.W.; Cramb, S.M.; Aitken, J.F.; Mengersen, K.L.; Baade, P.D. Development of the Australian Cancer
Atlas: Spatial modelling, visualisation, and reporting of estimates. Int. J. Health Geogr. 2019, 18, 21. [CrossRef]
10. Butow, P.N.; Phillips, F.; Schweder, J.; White, K.; Underhill, C.; Goldstein, D. Psychosocial well-being and
supportive care needs of cancer patients living in urban and rural/regional areas: A systematic review.
Support Care Cancer 2012, 20, 1–22. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 1246 10 of 12
11. Rehm, J.; Mathers, C.; Popova, S.; Thavorncharoensap, M.; Teerawattananon, Y.; Patra, J. Global burden of
disease and injury and economic cost attributable to alcohol use and alcohol-use disorders. Lancet 2009, 373,
2223–2233. [CrossRef]
12. Key, T.J.; Allen, N.E.; Spencer, E.A.; Travis, R.C. The effect of diet on risk of cancer. Lancet 2002, 360, 861–868.
[CrossRef]
13. Knols, R.; Aaronson, N.K.; Uebelhart, D.; Fransen, J.; Aufdemkampe, G. Physical exercise in cancer patients
during and after medical treatment: A systematic review of randomized and controlled clinical trials. J. Clin.
Oncol. 2005, 23, 3830–3842. [CrossRef]
14. Morey, M.C.; Snyder, D.C.; Sloane, R.; Cohen, H.J.; Peterson, B.; Hartman, T.J.; Miller, P.; Mitchell, D.C.;
Demark-Wahnefried, W. Effects of home-based diet and exercise on functional outcomes among older,
overweight long-term cancer survivors: RENEW: A randomized controlled trial. JAMA 2009, 301, 1883–1891.
[CrossRef]
15. Lee, P.N.; Forey, B.A.; Coombs, K.J. Systematic review with meta-analysis of the epidemiological evidence in
the 1900s relating smoking to lung cancer. BMC Cancer 2012, 12, 385. [CrossRef]
16. Liang, P.S.; Chen, T.; Giovannucci, E. Cigarette smoking and colorectal cancer incidence and mortality:
Systematic review and meta-analysis. Int. J. Cancer 2009, 124, 2406–2415. [CrossRef]
17. Australian Institute of Health and Welfare. Australia’s Health 2018; Australian Government: Canberra,
Australia, 2018.
18. Whiteman, D.C.; Webb, P.M.; Green, A.C.; Neale, R.E.; Fritschi, L.; Bain, C.J.; Parkin, D.M.; Wilson, L.F.;
Olsen, C.M.; Nagle, C.M.; et al. Cancers in Australia in 2010 attributable to modifiable factors: Summary and
conclusions. Aust. N. Z. J. Public Health 2015, 39, 477–484. [CrossRef]
19. Ananda, S.; Wong, H.; Faragher, I.; Jones, I.T.; Steele, M.; Kosmider, S.; Desai, J.; Tie, J.; Field, K.; Wong, R.;
et al. Survival impact of the Australian National Bowel Cancer Screening Programme. Intern. Med. J. 2016,
46, 166–171. [CrossRef]
20. Berwick, M.; Begg, C.B.; Fine, J.A.; Roush, G.C.; Barnhill, R.L. Screening for Cutaneous Melanoma by Skin
Self-Examination. JNCI J. Natl. Cancer Inst. 1996, 88, 17–23. [CrossRef]
21. Kronborg, O.; Jørgensen, O.; Fenger, C.; Rasmussen, M. Randomized study of biennial screening with a faecal
occult blood test: Results after nine screening rounds. Scand. J. Gastroenterol. 2004, 39, 846–851. [CrossRef]
22. Tabár, L.; Vitak, B.; Chen, H.-H.; Duffy, S.W.; Yen, M.-F.; Chiang, C.-F.; Krusemo, U.B.; Tot, T.; Smith, R.A. The
Swedish Two-County Trial twenty years later: Updated mortality results and new insights from long-term
follow-up. Radiol. Clin. North Am. 2000, 38, 625–651. [CrossRef]
23. Paddock, L.E.; Lu, S.E.; Bandera, E.V.; Rhoads, G.G.; Fine, J.; Paine, S.; Barnhill, R.; Berwick, M. Skin
Self-Examination and Long-Term Melanoma Survival. 2016. Available online: https://www.ingentaconnect.
com/content/wk/melre/2016/00000026/00000004/art00012 (accessed on 12 December 2019).
24. National Health and Medical and Research Council (NHMRC). PSA Testing for Prostate Cancer in Asymptomatic
Men Information for Health Practitioners; Australia Government: Canberra, Australia, 2014.
25. Beckmann, K.R.; Bennett, A.; Young, G.P.; Cole, S.R.; Joshi, R.; Adams, J.; Singhal, N.; Karapetis, C.;
Wattchow, D.; Roder, D. Sociodemographic disparities in survival from colorectal cancer in South Australia:
A population-wide data linkage study. BMC Health Serv. Res. 2016, 16, 24. [CrossRef]
26. Baade, P.D.; Dasgupta, P.; Aitken, J.F.; Turrell, G. Geographic remoteness, area-level socioeconomic
disadvantage and inequalities in colorectal cancer survival in Queensland: A multilevel analysis. BMCCancer
2013, 13, 493. [CrossRef]
27. Chan, L.; Hart, L.G.; Goodman, D.C. Geographic access to health care for rural Medicare beneficiaries.
J. Rural Health 2006, 22, 140–146. [CrossRef]
28. Akca, G.; Guner, S.N.; Akca, U.; Kilic, M.; Sancak, R.; Ozturk, F. Students’ unchanging smoking habits in
urban and rural areas in the last 15 years. Pediatr. Int. 2016, 58, 279–283. [CrossRef]
29. Tripathy, J.P.; Thakur, J.S.; Jeet, G.; Chawla, S.; Jain, S.; Prasad, R. Urban rural differences in diet, physical
activity and obesity in India: Are we witnessing the great Indian equalisation? Results from a cross-sectional
STEPS survey. BMC Public Health 2016, 16, 816. [CrossRef]
30. Roxburgh, A.; Miller, P.; Dunn, M. Patterns of alcohol, tobacco and cannabis use and related harm in city,
regional and remote areas of Australia. Int. J. Drug Policy 2013, 24, 488–491. [CrossRef]
31. Bolin, J.N.; Bellamy, G.R.; Ferdinand, A.O.; Vuong, A.M.; Kash, B.A.; Schulze, A.; Helduser, J. Rural healthy
people 2020: New decade, same challenges. J. Rural Health 2015, 31, 326–333. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 1246 11 of 12
32. Doogan, N.J.; Roberts, M.E.; Wewers, M.E.; Stanton, C.A.; Keith, D.R.; Gaalema, D.E.; Kurti, A.N.; Redner, R.;
Cepeda-Benito, A.; Bunn, J.Y.; et al. A growing geographic disparity: Rural and urban cigarette smoking
trends in the United States. Prev. Med. 2017, 104, 79–85. [CrossRef]
33. Liu, L.; Edland, S.; Myers, M.G.; Hofstetter, C.R.; Al-Delaimy, W.K. Smoking prevalence in urban and rural
populations: Findings from California between 2001 and 2012. Am. J. Drug Alcohol. Abuse 2016, 42, 152–161.
[CrossRef]
34. Guethjonsdottir, H.; Halldorsson, T.I.; Gunnarsdottir, I.; Thorsdottir, I.; Thorgeirsdottir, H.; Steingrimsdottir, L.
Urban-rural differences in diet, BMI and education of men and women in Iceland. Laeknabladid 2015, 101,
11–16.
35. Australian Institute of Health and Welfare. Alcohol and Other Drug Use in Regional and Remote Australia:
Consumption, Harms and Access to Treatment 2016–2017; Australian Government: Canberra, Australia, 2019.
36. Bolton, K.A.; Jacka, F.; Allender, S.; Kremer, P.; Gibbs, L.; Waters, E.; de Silva, A. The association between
self-reported diet quality and health-related quality of life in rural and urban Australian adolescents. Aust. J.
Rural Health 2016, 24, 317–325. [CrossRef]
37. Martin, J.C.; Moran, L.J.; Teede, H.J.; Ranasinha, S.; Lombard, C.B.; Harrison, C.L. Exploring Diet Quality
between Urban and Rural Dwelling Women of Reproductive Age. Nutrients 2017, 9, 586. Available online:
http://www.mdpi.com/2072-6643/9/6/586/pdf (accessed on 1 September 2019). [CrossRef]
38. Doescher, M.P.; Jackson, J.E. Trends in cervical and breast cancer screening practices among women in rural
and urban areas of the United States. J. Public Health Manag. Prat. 2009, 15, 200–209. [CrossRef]
39. Cole, A.M.; Jackson, J.E.; Doescher, M. Urban–rural disparities in colorectal cancer screening: Cross-sectional
analysis of 1998–2005 data from the Centers for Disease Control’s Behavioral Risk Factor Surveillance Study.
Cancer Med. 2012, 1, 350–356. [CrossRef]
40. Australian Institute of Health and Welfare. Rural, Regional and Remote Health: Indicators of Health Status and
Determinants of Health; Australian Government: Canberra, Australia, 2008.
41. Austalian Bureau of Statistics. 4363.0 -National Health Survey: Users’ Guide, 2014–2015; Austalian Bureau of
Statistics: Canberra, Australia, 2017. Available online: http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%
20Subject/4363.0~{}2014-15~{}Main%20Features~{}Sample%20design%20and%20selection~{}13 (accessed on
15 February 2019).
42. Australian Bureau of Statistics 1270.0.55.005—Australian Statistical Geography Standard (ASGS): Volume
5—Remoteness Structure, July 2011. Available online: https://www.abs.gov.au/AUSSTATS/abs@.nsf/
Latestproducts/2C28C8B6013FB2D0CA257B03000D6DA8?opendocument (accessed on 15 February 2019).
43. Australian Bureau of Statistics (ABS). Stat SEIFA by Local Government Area (LGA). 2011.
Available online: http://stat.data.abs.gov.au/Index.aspx?DataSetCode=ABS_SEIFA_LGA.%20[Accessed%
207%20November%202019] (accessed on 15 February 2019).
44. National Health and Medical Research Council. Australian Guidelines to Reduce Health Risks from Drinking
Alcohol; Australian Government: Canberra, Australia, 2009. Available online: https://www.nhmrc.gov.au/
about-us/publications/australian-guidelines-reduce-health-risks-drinking-alcohol (accessed on 15 February
2019).
45. National Health and Medical Research Council. Australian Dietary Guidelines. 2013. Available online: https:
//www.nhmrc.gov.au/about-us/publications/australian-dietary-guidelines (accessed on 15 February 2019.).
46. Department of Health. Australia’s Physical Activity and Sedentary Behaviour Guidelines; Australian Government:
Canberra, Australia. Available online: http://www.health.gov.au/internet/main/publishing.nsf/Content/
health-pubhlth-strateg-phys-act-guidelines (accessed on 15 February 2019).
47. Cancer Council Australia. Screening Programs. Available online: https://www.cancer.org.au/about-cancer/
early-detection/screening-programs/ (accessed on 28 November 2019).
48. Prostate Cancer Foundation of Australia. Do You Need the Test? 2018. Available online: http:
//psatesting.org.au/info/?utm_source=pcfa&utm_medium=redirect&utm_campaign=pcam19 (accessed on
28 November 2019).
49. Australia CC. SunSmart—Cancer Council Australia. Available online: https://www.cancer.org.au/policy-
and-advocacy/position-statements/sun-smart/ (accessed on 28 November 2019).
50. Bland, J.M.; Altman, G.D. Multiple significance tests: The Bonferroni method. BMJ 1995, 310, 170. [CrossRef]
51. Australian Bureau of Statistics. Census QuickStats. 2016. Available online: https://quickstats.censusdata.abs.
gov.au/census_services/getproduct/census/2016/quickstat/3?opendocument (accessed on 28 November 2019).
Int. J. Environ. Res. Public Health 2020, 17, 1246 12 of 12
52. Australian Institute of Health and Welfare. National Bowel Cancer Screening Program: Monitoring Report 2016;
Report No.: Cancer series. 98. Cat no. CAN 97; Australian Institute of Health and Welfare: Canberra,
Australia, 2016.
53. Leung, J.; Macleod, C.; McLaughlin, D.; Woods, L.M.; Henderson, R.; Watson, A.; Kyle, R.G.; Hubbard, G.;
Mullen, R.; Atherton, I. Screening mammography uptake within Australia and Scotland in rural and urban
populations. Prev. Med. Rep. 2015, 2, 559–562. [CrossRef]
54. Mitchell, K.J.; Fritschi, L.; Reid, A.; McEvoy, S.P.; Ingram, D.M.; Jamrozik, K.; Clayforth, C.; Byrne, M.J.
Rural–urban differences in the presentation, management and survival of breast cancer in Western Australia.
Breast 2006, 15, 769–776. [CrossRef]
55. Queensland Department of Health. BreastScreen Queensland Mobile Service Schedule; Queensland Government.
Available online: https://www.breastscreen.qld.gov.au/mobile-service.asp (accessed on 1 September 2019).
56. Eight Days Left for Cheap Bowelscan Test. North Queensland Register. 2017. Available online: http:
//www.northqueenslandregister.com.au/story/4740507/eight-days-left-for-cheap-bowelscan-test/ (accessed
on 18 November 2019).
57. Russell, D.J.; Humphreys, J.S.; Ward, B.; Chisholm, M.; Buykx, P.; McGrail, M.; Wakerman, J. Helping
policy-makers address rural health access problems. Aust. J. Rural Health 2013, 21, 61–71. [CrossRef]
58. Lynch, J.W.; Smith, G.D.; Kaplan, G.A.; House, J.S. Income inequality and mortality: Importance to health of
individual income, psychosocial environment, or material conditions. BMJ 2000, 320, 1200–1204. [CrossRef]
59. McLaren, L. Socioeconomic Status and Obesity. Epidemiol. Rev. 2007, 29, 29–48. [CrossRef]
60. Lynch, J.W.; Kaplan, G.A.; Salonen, J.T. Why do poor people behave poorly? Variation in adult health
behaviours and psychosocial characteristics by stages of the socioeconomic lifecourse. Soc. Sci. Med. 1997,
44, 809–819. [CrossRef]
61. Jepson, R.G.; Harris, F.M.; Platt, S.; Tannahill, C. The effectiveness of interventions to change six health
behaviours: A review of reviews. BMC Public Health 2010, 10, 538. [CrossRef]
62. Mitton, C.; Dionne, F.; Masucci, L.; Wong, S.; Law, S. Innovations in health service organization and delivery
in northern rural and remote regions: A review of the literature. Int. J. Circumpolar Health 2011, 70, 460–472.
[CrossRef]
63. Cleland, V.; Sodergren, M.; Otahal, P.; Timperio, A.; Ball, K.; Crawford, D.; Salmon, J.; McNaughton, S.A.
Associations between the perceived environment and physical activity among adults aged 55–65 years: Does
urban-rural area of residence matter? J. Aging Phys. Act. 2015, 23, 55–63. [CrossRef]
64. Olson, J.L.; March, S.; Brownlow, C.; Biddle, S.J.; Ireland, M. Inactive lifestyles in peri-urban Australia:
A qualitative examination of social and physical environmental determinants. Health Promot. J. Austr. 2019,
30, 153–162. [CrossRef]
65. Mota, J.; Lacerda, A.; Santos, M.P.; Ribeiro, J.C.; Carvalho, J. Perceived Neighborhood Environments and
Physical Activity in an Elderly Sample. Percept. Mot. Skills 2007, 104, 438–444. [CrossRef]
66. Dollman, J.; Hull, M.; Lewis, N.; Carroll, S.; Zarnowiecki, D. Regional differences in correlates of daily
walking among middle age and older Australian rural adults: Implications for health promotion. Int. J.
Environ. Res. Public Health 2016, 13, 116. [CrossRef]
67. National Rural Health Alliance. Fact Sheet 26 Physical Activity in Rural Australia. 2011. Available
online: https://www.ruralhealth.org.au/sites/default/files/fact-sheets/Fact-Sheet-26-physical%20activity%
20in%20rural%20australia_0.pdf (accessed on 1 September 2019).
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
